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Date

Key WorldCom Acquisitions

Event (Target Company in Bold) Markets of Target
Company

88-93 LDDS Acquired 16 Long Distance Resale Companies (1) Long Distance Resale

3/92 IDB Acquired World Communications (1) Facilities-Based Long Distance Carrier

12/94 LDDS Acquired IDB WorldCom (1) Facilities-Based Long Distance Carrier

1/95 LDDS Acquired WilTel (1) Facilities-Based Long Distance Carrier

1/95 UUNet Signed a five-year agreement With MSN to Provide Backbone and Online Service
Network Services (2)

5/95 LDDS Changed Name to WorldCom (1)

8/95 WorldCom Launched GridNet (1) Internet Backbone, ISP

11/95 UUNet Entered Into an Agreement to Acquire 40 Percent of EUNet Germany ISP in Europe
(3)

11/95 UUNet Acquired Unipalm Group PLC (4) ISP in United Kingdom

5/96 UUNet Announced Equity Investment in AUNet Corporation (5) ISP in Asia

7/96 UUNet Acquired All of the Stock of Metrix Interlink Corporation (6) ISP in Canada

8/96 MFS Acquired UUNet (1) Internet Backbone and Network Service,
ISP

8/96 UUNet Pipex Acquired 51.8 Percent of INnet (7) ISP in Belgium

1/97 WorldCom Acquired MFS (1) Local Exchange Network, Internet
Backbone, ISP, NAP

3/97 Brook's Fiber Owned 20 Percent of Verio (8) Internet Backbone, ISP

9/97 WorldCom Acquired ANS & CIS from AOLlCompuServe (1) Internet Backbone and Network Service

9/97 UUNet Acquired Nlnet (1) ISP in Netherlands

9/97 UUNet Signed A Five-Year Contract With AOL/CompuServe to Provide ISP/Online Service with Premium
Backbone and Network Services (l) Content

W/97 WorldCom Announced Definite Plan to Merge with Brooks Fiber (1) Local Exchange Network, Internet
Backbone, ISP

11197 WorldCom Announced Definite Plan to Merge with MCI Communications Interexchange Network, Internet
Corp. (1) Backbone

Sources:
(1) WorldCom, Inc. - Corporate Milestones, http://www.wcom.com/timeline.html.

(2) Arthur Newman, The Future of The Internet Access Industry, Gerard Klauer Mattison & Co. LLC, May
1996, p.88.

(3) UUNet Press Release on 11/17195, UUNet Technologies, Inc. Intends to Acquire an Interest in EUNet
Germany - Europe's Leading Internet Provider, http://www.us.uu.net/press/press2.html#eunet.

(4) UUNet Press Release on 11/15195, UUNet Technologies, Inc. Acquires Unipalm Group PLC,
http://www.us.uu.net/press/press2.htm1#eunet.

(5) UUNet Press Release on 5120/96, UUNet Technologies Adds New International Services; Moves Establish
Company As a World-Wide Leader in Global Internet Services, http://www.us.uu.net/press/intl.html.

(6) UUNet Press Release on 7/18/96, UUNet Technologies, Inc. Acquires Metrix Interlink Corporation,
http://www.us.uu.net/press/metrix .html.

(7) Sylvia Dennis, "Uunet Pipex Takes Major Stake In Belgium's INnet ISP", Newsbytes, 8/14/96,
pNEW08l40053.

(8) Margie Semilog, "Verio is Striving to be the Biggest Small Carrier", Computer Reseller News, Nov. 3, 1997,
n761, pI66(l).
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The degradation of qU2lity and
the domination of the Internet

Jacques Cremer-
Patrick Rey·
Jean Tirole-

We have been asked by counsel to GTE to help in the e\ialuation of the effect on the Internet
industry of the proposed merger bet'W'een WorldCom and r.lfe!. and in particular to examine the
strategies that the new merged finn could follow. and the W:lyS in which it could negatively affect
competition on the Internet and present threats to its future cevelopment.

On the basis of data provided to us by GTE. we will show that a dominant firm in the Internet has
the ability and the incentives to follow a number of strategies which would be detrimental to the
development of the network in several ways. In particular, lnder these circumstances, a dominant
WorldComIMCI will have strong incentives to degrade the quality of its interconnection with its
competitors in order to further increase its dominance, elimi:1ate its rivals or limit their expansion,
and raise prices above costs.

The aim of this paper is to identify some of the reasonS why the proposed merger would be
dangerous to the future of the Internet. As is well known,:here are many ways in which a firm
with a dominant position in a network industry can take advantage of this position in ways
detrimental to consumers. We do not wish to argue that we have identified aIt of them. but only
some which we feel are particularly likely and potentially particularly nefarious.

Connectivity and network externalities

As its name indicates. the Internet is defined by the fact that it enables interconnectivity. From its
inception, it has been developed to enable communications between networks, and in its present
state its most important feature is the ability for dial-up cusTomers, Web sites hosts and dedicated
access customers to exchange traffic across the entire system ofinterconnected net'W'orks.

This cOMectivity has been achieved first through the wid::spread adoption of the rcp and IF
protocols, which support transmission of packets, irrespective of the type of data that they carry:
te"t, video. voice) etc. The standardisation of protocols \{ould have been of no consequence
without the build-up of interfaces bet'W'een networks, first at the Network Access Points, and
subsequently at private intercotmects. The use of these interfaces has in turn been made possible
by the development of a variety of contractual agreement:- between end-users and suppliers of
Internet services, and between these suppliers.

. Institut d'Economie Industrielle, Toulouse.



It is important to note that the Internet's basic architecture was chosen and implemented by the
US government. and especially the Department of Defense and the NSF, with much technical
assistance from the academic community. Since the NSF stopped managing the Internet and
funding the NSFNET on 30 April 1995 (although it continues fUnding research designed to
improve its functioning). the In1ernet has become the largest example of a deregulated
communications network. However. it largely functions thanks to the institutions, standards and
protocols that were chosen when the NSF was managing it. which will progressively lose their
importance as technology evolves. Policy makers cannot take lightly threats to the
interconnectedness of the network and. as we will show. there is no halfway: either vigorous
competition must be maintained within the current system of interconnected networks or the
result will be a monopolist network requiring govcmment regulation.

The benefits of interconnectivity arise because there are very strang network externalities.
Network externalities exist when the value for a customer of belonging to a network increases
with the number of customers in this network·. Each customer profits in many direct and indirect
ways from the presence of other customers. For instance. individuals derive direct benefits from
the fact that friends and acquaintances are able to receive and send E-mail. A firm derives direct
benefits from the fact that a government agency builds a Web site where it can find the texts of
regulations that affect its business. A new customer who connects to the Internet yields indirect
benefits to existing customers. by increasing the incentives of government agencies, non-profit
organisations and businesses to open new Internet sites. Consumers, whether individuals or
organisations, can only benefit fully from these network externalities if interconnection is
assured.

Connectivity requires co-operation between firms that are otherwise competitors. They must
reach bipartite agreements on the locations and capacities of interfaces. and on the financial terms
through which they exchange traffic. All the major finns that provide Internet services must reach
multipartite agreements on the protocols and standards that enable the exchange of traffic. Even
without the emergence of one disproportionately large network. two trends will jeopardise this
co-operation in the near fUture. First, the development of real-time services such as Internet
telephony and video conferencing will require very low delays. and funhennore very uniform
delays, between sender and receiver; new protocols will be needed to allow the development of
these applications. and networks will need to co-operate in order to offer premium services at
reasonable prices. Second, as the operation of the Internet has been turned over to the private
sector, and as a growing part of Internet service is provided by profit maximising firms. conflicts
of interest will become more pronounced; one cannot rely on the generalised goodwill that

I See, e.g.• Rohlfs (1974). "A Theory of Interdependent Demand for a Communications Service",
Bell Igumat gfEconomi". 5 :16-37 fOT a first exploration. the seminal papers ofM. Katz and C.
Shapiro (1985). "Network extemalities. Competition, and Compatibility". Amerisan ECgDpmic
ReviQ1!!. 75(3) :424-440. and 1. Farrell and G. Saloner (1985). "Standardization, Compatibility
and Innovation". Bmd Journal of Emngmjs!. 16 :70-83. the overview provided by Chapter 10 of
J. Tirole (1988). The; lbemy of Industrial Otpnization. MIT Press. and the "Symposium on
compatibility" in Journal ofIndy:rtrjal Economics. XL(l) March 1992. for recent advances.
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characterised the "Internet community' in the 19805 and early 19905 to ensure the future of the
Internet.

Connectivity can in general be achieved in three ways: regulation. private negotiatioDS. and
alternative methods, such as bypass in the case of telecommunications and multihoming or transit
in the case of the Internet These methods ofachieving connectivity place the burden on different
parties: the government in the case of regulation, the suppliers of service in the case of private
negotiations, and the customers ~ the other cases.

Regulation of access has been the traditional way of guaranteeing interconnection for voice
telephony, and this policy has been reaftirmed in the United States, by the Telecommunications
Act of February 1996 and by the FCC, in the European Union. and indeed almost everywhere2 in
the world. There is. however, a pronounced global trend toward reducing regulation and
introducing enhanced competition in telecommunications industries. and the 1996 US
Telecommunications Act reaffirmed US policy that the Internet remain 1Jr1rCgulated. Moreover,
whereas there were historical reasons for the presence of a dominant operator in the case of
telecommunications, in the case of the Internet there is no reason to let a merger create artificially
a dominant operator, whose presence would lead to the same type ofproblems. It is therefore the
competition authorities' task to ensure that the benefits of connectivity not be jettisoned. with the
emergence of a dominant player who would precisely use the network externalities to cbalkanise'
the Internet and enhance its dominance.

The threat to connectivity from large players

WorldComIMCI argues that there would be no threat to connectivity from the presence of a large
finn. However, there is widespread agreement among network economists that interconnection
can be problematic, in particular in situations with a large player.

In most network industries the benefit that a consumer derives from a network depends
substantially on the size: of the: network, which determines the number of parties with which they
can connect. Customers playa dual role from the viewpoint of a network: they are the buyers of
the services, but they are also the commodity that is being sold. As a consequence, a large
network is much more attractive than a smaller one. This has important consequences for the
behaviour of!inns; in the presence ofnetwork externalities. the fraction of customers to which an
operator controls access -becomes a key strategic variable, since the other operators need access to
these customers in order to offer a satisfactory level ofservice to their own customers.

:! One notable exception is New Zealand, which experimented with unregulated negotiations for
interconnection between a dominant operator and smaller operators; this solution has not operated
smoothly, howevc:r, even though it was scrutinised under articles 36 and 27 of the competition
law and even though the threat ofre-regulation may also have put some pressure on the dominant
operator.
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Using these insights, formalismg them, and extending them, a large economic literature has
developed on the foundations laid by the work of Katz-Shapiro (1985) and Farrell-Saloner
(1985), to study the viability of a competitive environment in an industxy exhibiting network
externalities. It gcncra11y supports the following conclusions:

a) Small advanfaUS em be mum self rcinforciUI and lead to eyer inmasins dgminlDce: if
compatibility among the networks is not perfect, new consumers will find the larger network
more attractive and smaller networks will find it difficult to fight back through lower prices or
higher quality. A snowball effect will be generated.

b) The lade of cermpatibjJjty or intercQDns;tioft is a key factor creatjDS the spiral of increasini
dominanse, in which consumers join the dominating network, inducing new consumers to join
that network as well, and so fonh; in contrast, compatibility/interconnection lets consumers
benefit from network externalities. whether they belong to a large or a small network.

c) LaJ3e networks therefore can gain substantially ftgm refusjDI to co-operate with their
competitors. Reducing compatibility between networks hurts both the customers of large
netwotks and the customers of small networks. However, it hurts the customers of small
networks more. as the size of the population with which they can communicate easily
decreases mote. As a consequence. incompatibility between .networks reinforces the relative
attractiveness of large networks. particularly fot' consumers for whom interconnectivity with a
large number of other consumers is of primary importance. Actually, the large network can
often gain simply by creating the apprehension that it will refuse to co-operate. Except in the
improbable case where switching costs are nil fOT all users, customers will choose to play it
safe by joining the large network, which guarantees connection to the larger number of
potential partners.

d) The presence of an jnstaUed base is an important aspect of the definitign of dominance. The
'installed base' of a network is composed of the consumers who are already clients of that
network. In the presence of network extcmalities. a large installed base increases ceteris
parihus the attractiveness of a network. This effect will be all the more important where::
networks' interfaces andlor compatibility are imperfect

e) This installed bue nq;d not face laxa swjtc;bjnl ,osts in galer for this dgmjnang: ~Q b; self­
reipforcinl. Possessing a large installed base is important even if consumers do not find it very
costly to change suppliers, simply because they value compatibility with a large number of
other customers and therefore do not want to dw1ge supplier. A famous example of a (non­
sponsored) technology achieving full dominance despite limited switching costs is the
QWERTY keyboard.' More generally, it has been shown time and time again that network
externalities and lack of compatibility or interconnection create strong incentives for
consumers to make the same choice as other consumen whether or not this choice dominates

J See P. David (1985), "Clio and the Economics of QWERTY", Ammsap Ec;gngmic Review,
75 :332-336.
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alternative choices (VHS vs. Betamax, PC standard vs. Macintosh, ...). Lastly. even assuming
away switching costs, so that customers could in principle co-ordinate on any network. the

_. presence of a substantial installed base provides a natural co-ordination mechanism which can
be exploited by the dominant supplier.

f) Latn swjtsbjpl costs protect the installed base of small netwgrlcs but may rcjnfgrc; the
attractiveness of the IUee ncrtwgrk for new custgmEt§j If it is costly to switch between
networks, a consumer will weather the disadvantages linked to belonging to a small network.
On the other band., new customers will fear being locked in the 'wrong' network in case
connectivity is degradoc:l, and will find it much less risky to connect to the large network. This
will happen not only for consumers who are totally new to the Internet, but also to those who
buy new services. For instance, a fum planning to use Internet telephony would certainly feel
that it is safer to go through WorldCom/MCl rather than use another backbone. on which it
maintains its Web pages.

These theoretical considerations would be manifested in ptactice by WorldComIMa
salespersons arguing: "It is safer to buy connection through our networIc. the biggest backbone on
the Internet. through which good quality connections to a large group of other users can be
guaranteed". It is difficult to imagine that such arguments would not indeed be made!

Economic theory thus points to several disturbing consequences for the Internet of the proposed
merger of MCI and WorldCom. If it is approved. WorldComIMCI will have a market share
appt'Oaching 50% ofbackbone traffic, at least three times mOTe than its biggest competitor. It will
also have a sizeable share of dedicated access business customers and Web site hosts. Hence,
WorldCom/MCI will find itself in a" situation which is within the domain in which the leading
economics literature would predict that it would have incentives to degrade compatibility.

Note furthcnnore that once this process bas started, that part of WorldCom/MCrs installed base
which has low switching costs will have no incentive to switch to another network if
WorldComIMCI seeks to charge supracompetitive prices or otherwise abuse its dominant
position. We will discuss this at greater length below.

WorldComIMCI's very strODg position as a long-haul backbone provider is what makes it feasible
for WorldCom/MCI to foreclose competitors and charge supracompetitive prices. Assume indeed,
and for the purpose of the argument, that it owned a number of ISPs that in the agpgate had a
50% market share, but that it could Dot independently connect these ISPs to each other (or,
equivalently, enter into a deal with a backbone provider). Then, there would be no opportunity to
degrade the connections between its customers and its rivals' customers without also degrading
the connections among its own customers. It is the ownership of a backbone that will enable
WorldComIMCI to gain a competitive advantage by degrading interconnection with other
networks while not degrading its own on-net connections.
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Degrading c::onnection

The preceding section summarised the general lessons that can be drawn from the economic
literature on networks. We showed that it provided some thc:cretical evidence for the fact that a
combined WorldComIMCI would find it profitable to adopt a strategy of degrading connection
with other backbones. In the next sections. we will study in more detail the specific techniques
that a post-merger WorldComI.MCI would usc to increase its dominance of the Internet. Among
other things, we will show that it will have incentives to degrade interconnection with other
backbones. Indeed, while there an: various price and non-price strategies available to
WoridComIMCI to increase its dominance, some partiCUlarly simple ones would be to reduce the
capacity of the interface relative to the amount of traffic. to completely refuse interconnection. or
to refuse to cooperate on standards.

'Reducing' the capacity of interfaces is a stTaightforward exercise. In an industry in which traffic
roughly quadruples each year, any delay incurred in building up capacity at and near the interface
amounts to a substantial degradation of the quality ofoff-net traffic. Thus even a rapid increase in
interface capacity may com:spond to a substantial reduction in the ratio of desired off-net traffic
to interface capacity, and thu.s to a very poor interconnection.

WorldComIMCI cou.ld also choose to deny all types of connections to other networks.
particularly with regard to specific services such as telephony, video on demand, etc. The
development of Intcmct telephony, video conferencing, video on demand, and other services that
require very low delays and packet losses will provide such an opportunity. Such services require
the offering by the netWorks of premium interconnection services. and WorJdComIMCI could
easily refuse to enter into agreements that would facilitate the development of such services on an
Internet wide basis. This would imply that the networks would lack interconnection. as far as
Internet telephony and video conferencing are concerned.

Another unsettling possibility would be that a dominant WorIdComIMCI could implement
proprietary protocols, and hence degrade connectivity as some services would only be offered on
part of the Internet. The special protocols and techniques that would be required for Internet
telephony and other enhanced Intemet services again are an example of where this power could
be brought to bear.

Keeping tramc:: on-net

We will cliscuss in later sections the strategic reasons for which, if the merger were approved.
WorldComIMCI would find it beneficial to degrade interconnection quality in order to attrae:l
new customers. However, there is good reason to believe that. even with fixed market shares (that
is. without the poSsibility of any change in immediately post-merger market shares), the special
characteristics of the demand for Internet services would induce a dominant backbone to degrade
qUality.
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The following, apparently straightforward but misleading argument seeks to show that a
dominant supplier has the same incentives to maintain the quality of interconnection as a smaller
supplier. If the traffic is balanced between two suppliers 1 and 2, i.e., if there is the same volume
of traffic from 1 to 2 as there is from 2 to 1, the two networks generate the same aggregate surplus
from an increase in the quality of their interconnection: although customers of the larger network
will each benefit less from a good interconnection quality (since a smaller proportion ofthe traffic
they originate goes to the other network), there are more of them, so that overall the value of
intcrconnectivity for the large network is the same as for the small one. Hence, the argument goes
on, the size ofthe dominant supplier has no effect on connectivity.

This reasoning is based on a 'model' of communications that is roughly appropriate for
telephony. Customers have bilateral (business or friendship) relationships that pre-exist, or at
least are independent of, their allocation to one network or the other. They usc the network to
communicate with the customers with whom they have these relationships. This model is
probably appropriate for some of the present or future applications of the Intcmet: E-mail. voice
telephony or vidco-confcrencing. However, there are a number of applications for which
customers look for a service rather than a specific correspondent For instance, a consumer who
desires to order a book on line may have a favourite site, but will be willing to use another one if
connection is easier and of better quality. Similarly, the purchase of a specific film through a
supplier of video on demand. aT more prosaically the downloading of a computer programme.
may be done from a site that is a reasonable substitute from the viC't1\lPoint ofcustomers.

Under these circwnstanccs, there arc incentives for a dominant supplier to degrade the quality of
interconnection in order to increase the proportion of on-net traffic. We prove this in "Intemet
services, on-net substitution. and the value ofinterconncction" (Appendix 2), in the framework of
a model of demand for connection to suppliers of services on the Internet. We sketch the
argumentation in the paragraphs that follow.

The basic idea is very simple. It will be easier for customers of the large network to find an
acceptable substitute on-net. If the quality of interconnection is degraded they will switch to this
substitute, increasing the volume of on-net traffic ofor the large network and deCTeasing the traffic
on the smaller network.

To make things man: precise. consider the type of services for which Internet users can be
divided into two categories (the basic insight docs not depend on this division): providers of
services and users of services. Providers of services set up Web sites in the hope that users will
connect to their sites, which will increase their income, either directly through connection charges
or purchases. or indircaly through advertising.

Providers will measure the perfonnance of a network by the number of "hits'. i.e., the number of
users that connect to their site.' Users have preferences among sites, but are willing to connect to

.. The results are also valid if the providers arc sensitive to the quality of the connection of their
customers.
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a less favoured site in order to benefit from a better connection. (The type of trade-offs that arc
acceptable will depend both on the user and on the type of services. Users will probably be more
sensitive to the quality of connection to a video on demand supplier than to the quality of
connection to an on-line bookstore.)

The users of the largest network have a greater choice on-net. Iftheir favourite supplier is off-net,
and the connection is degraded, they have a better chance of finding an appropriate substitute on­
net. Therefore they suffer less than do users who are connected to the smaller network. If, as is
reasonable to expect, the income of the networks is correlated to the satisfaction of the users, the
large network will have less incentive to inCTease the quality of the interconnection.'

The contrast is even mOTe striking for the suppliers. If the interconnection is degraded. a supplier
on the large network will receive a greater number ofbits as a second choice supplier ofusers that
are linked to the same network but prefer the better connection qUality. If the income of the large
network is linked to the total number ofhits, it will positively prefer a degraded interface.

If the merger were allowed, WorldCom/MCI would have lowered incentives to maintain quality
of connection with the rest of the Internet. First, the customers linked to its backbone who look
for information or services will have a greater probability to find it on-net. and hence would be
less penalised than the customers linked to the other backbones. Second, the suppliers of services
couId benefit from a somewhat degraded interface, which would trap a substantial number of
potential customers who would have less incentive to connect to their competitors.

Dominance enhancing strategies

We have shown in the preceding section that the dominant network would have incentives, even
given fixed market shares, to degrade quality, or at least would have less incentive to upgrade it.
But, and perhaps more importantly. there are also strategic reasons why such degradation would
benefit the large network: it would enable it to increase its dominance. We have already sketched
above some of these arguments, when we summarised the findings of the economic literature on
the economics of networks. In this section, we show more directly how th~e findings would
apply to WorldComIMCI.

In oroCt" to show that it would have no incentives to degrade quality in order to increase its market
sharet WorldComIMCI'must argue that. iiit did so, customers, old and new, would migrate away
from WorldComIMCI. In fact, the reverse flow is much more likely. While the argument is wel1~

lcnown and well-established in the economics profession, it is worth repeating. For simplicity,
consider the case of two networks. 1 and 2. (We will later show how this argument extends to

5 The large network's customers will still benefit from maintaining or increasing the quality of
interconnection. However. the argument presented here is that they will benefit less than the small
network's customers. & a result, the dominant supplier will be less willing to invest in
inten:onnectivity and mOTe prompt to accept a degradation of interconnec:tivity in exchange for a
reduction in costs.
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three (post merger) large networks. which is a better description ofthc: Internet industry.) Suppose
that network 1 is the dominant network in that it serves more customers. It' network 1 degrad.cs
the interconnection by not expanding interface capacity fast enough or if it refuses
intcrcormcction outright. a customer of network 2 suffers more from the degradation than a
customer of netWork 1 for the simple reason that the fraction of off-net traffic generated by a
network 2 customer exceeds that generated by a network 1 customer.

This implies that, even in the absence of the incentives to keep traffic: on-net which we discussed
in the previous section.. network 1 would find it profitable to degrade connection. The degradation
would also hurt network l's customers, but the competitive advantage is determined by the
relative quality ofthe services offered by the two networks, not by the absolute levels ofqualities.
Thus. new customers will tend to choose network lover network 2 even though the quality of
network 1 has perhaps deteriorated in absolute terms. Furthermore, those customers in network
2's installed base which have reasonably low switching costs will migrate to network 1. which
offers a better quality: Dominance is self-TCinforcing when interconnection is poor.

In contrast, in the absence ofa dominant backbone. the unilateral strategy ofinterface degradation
is muc:h riskier. A non-dominant backbone that unilaterally degrades intercormcction while the
others remain well intereoDDected among themselves reduces the quality of service it offers to its
customers relative to that offered by the others. It encourages a migration of the fraction of its
installed base with low switching costs and of new customers -to the other networks. Thus we
would cxpc:ct intereonncctivity to continue prevailing in the Internet indUStry as long as a
dominant player does not emerge.

Pricing strategies to enbance dominance

Degrading intercormection is a simple way for a dominant operator to reinforce dominance, but
there exist others. For example, I"tenr.et telephony will exhibit many of the features of voice
telephony cummtly offered by telephone operators. As shown by Jean-Jacques Laffont. Patrick
Rey and Jean Tircle' a dominant telephony operator may use two 'price instruments' in order to
establish fUll dominance (in the language of economics, degradation of intcrcormection is a "non­
price instrument"):

• First, by threatening not to interconnect, it can insist on a (unilateral) high interconnection
charge for tenninating off-net Internet telephony. The impact is similar to that of a lack of
interconnection: The high interconnection charge forces smaller networks to either pass this
charge through to their customers, creating very high final prices for their customers (who
generate a substantial amount of off-net traffic). or to desperately cut price in the hope of

, « Network Competition I: Overview and Non-discriminatory Priem&)) and «Network
Competition II: Pric;e Discrimination» (1998), Rand Journal ofEcDnomig. Spring issue, pp. 1­
37 and 38-56.
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building enough market share so as to limit the 'tax' on off-net traffic:. This second strategy is
particularly delicate to implement for a network starting with an installed base handicap.

• Second, the dominant operator can charge different prices for on-net and off-net traffic to its
own customers. A substantial mark-up on off-net traffic provides an incentive for customers to
flock to the dominant network.

We have discussed the case ofInternet telephony. for which a dominant network operator can use
the anticompetitive pricing tactics which the economics literature has already studied. Can we say
something about more traditional Internet services? Suppose that, under the threat of degradation
of the interconnection, WorldComIMCI imposes on, saY. GTE, a settlement charge for the
termination of material downloaded from GTE's web sites onto the WorldComIMCI backbone.
GTE will then be forced to pass this termination charge through to its web sites. At this stage, the
GTE web site hosts can conceivably pass the corresponding charges to the dial-up customers that
connect through the WorldComIMCI backbone; this, however. will not happen. First, the
corresponding billing technology would be costly to set up. Second, and more importantly, GTE
web site hosts would find it advantageous to migrate to WorldComIMCI or at least to install a
second site on WorldCom/MCI, making the access to the GTE backbone itrelevant. We therefore
conclude that settlement charges would not only discourage GTE from going after new
customers. but would probably also enhance the spiral of increasing dominance.

The strategy of targeted degradation

We have explained how a dominant network can incrcase its dominance over a smaller network
through the degradation of interface quality. but our reasoning has implicitly assumed that there
are only two networks, a large one and a small one. On the other hand, one might wonder what
would be the optimal strategy of a dominant network facing several competitors. The answcr is
that the reasoning that we have conducted thus far still holds as long as the dominant finn faces
several smaller networks. The model in Appendix 1 "A model of strategic Internet backbone
interconnection" shows in great detail why such a strategy is likely to be profitable. This section
explains the basic logic ofthe argument

To be concrete, we will assume that there arc three networlcs. Network 1 initially serves haIf of
the CDnSUrtlers and networks 2 and 3 serve one fourth each. (There is nothing magic about these
numbers. the results of the formal model are "continuous" in the parameters. and the analysis
holds ifnetwork 1. while still dominant. has slightly less than half the market.)

Attacking the two other networks simultaneously would be a poot" strategy for network 1. Indeed,
imagine that network 1 degraded the interconnections with networks 2 and 3, while networks 2
and 3 remained. well interconnected (as wou.ld indeed be optimal for them).~ the users would
have the choice between two "networks' ofequal size, to the extent that belonging to network 2 or
3 provides the same average quality ofconnection (high with customers ofnetworks 2 and 3 • that
is 50% of the market, poor with customers of network 1) as belonging to network 1. Network 1
thereby would not gain a competitive advantage over its rivals. The poor interconnection quality
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actually would ignite a price war to gain market share (this does not imply that consumers would
be better offon the whole, as they would face degraded connectivity).

This brings us to the strategy of targeted degradation. Suppose that network 1 substantially
degraded the interconnection with network 3, while restraining its interface capacity with network
2 to the level that would be needed for an orderly treatment of the interconnection traffic between
networks 1 and 2's customers (in the absence ofa transit agreement between 2 and 3).

In the absence of a transit (or customer) agreement between networks 2 and 3, network 3'5
customers would experience significant performance degradation whenever they attempted to
send traffic to network l's customers or to receive traffic from network l's customers. Networks
1 and 2 then would have a substantial competitive advantage over network 3. Before new
consumers decided where to subscribe md old customers decided to switch, customers of
network 1 would have a good cOMcction to 75% of the market. those ofnetwork 2 would have a
good connection to 100% of the market. while network 3'5 customers would have a good
connection to only 500.10. This implies that new customers would find netw'ork 3 comparatively
very unattractive and flock to networks 1 and 2; similarly. customers of network 3 with
reasonably low switching costs would switch to the other two networks. whose combined market
share would increase well above 75%. At that point, the industry would de facto become a
duopoly.

Initially. network l's targeted degradation strategy actually would be quite attractive to network
2, which would no longer face competition from network 3 and would even have a slight
competitive advantage (although a dwindling one to be cenain) over network 1 because of its
connectivity with network 3's customers. But it would also involve a long-term cost for network
2, because network 1 would have the ability and incentive to go after network 2 by using its
installed base superiority in the way described in our discussion of duopoly. The fear that this
might happen would actually mitigate network 2's advantage over network 1. as customers would
fear being stranded in a badly connected small network.

The discussion has assumed that network 2 would not enter a transit agreement with network 3.
Under most circumstances this would be a reasonable strategy for network 2. This is likely to be
the case (and it is checked formally in Appendix 1 "A model of strategic Internet backbone
interconnection") sinee ifncmvork 2 provided net\Vork 3 with a transit right, the interface between
networks 1 and 2 would be substantially degraded as it would not be dimensioned to carry the
extra traffic. Network 2 would be badly interconnected to network 1. and it would better off
taking advantage of network 1's strategy to expand its own customer base at the expense of
network 3.

To sum up, targeted degradation would be quite a sensible policy for WorldComIMCI. We find it
surprising that the WoddComlMCI experts view this scenario as 'truly bizarre and UIlJ'Cal".

1 'Second Joint R.eply of WorldCom. Inc. and MCI Communications Corporation'. p. 83. before
the FCC Docket no 97-211
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whereas it is just one example of the familiar divide-a"d-conqul!'1' strategy. Anny generals often
prefer to attack a single country rather than several at a time, especially when their opponents do
not have congruent objectives. Similarly, a wholesale monopoly supplier facing the threat of
backward vertical integration by its customers· has an incentive to offer a sweet deal to some of
its customers in order to dissuade them from forming a coalition with the other customers to
develop an alternative source ofsupply".

Remark: It is important to notice that our model is a static model that only studies the incentives
of the dominant network to degrade the quality of connection without taking into account
"snowballing" effects that can be important due to network externalities. Furthermore. we have
not analysed fonnally strateJies which would weaken different competitors in succession. For
instance, WorldComIMCI could first degrade interconnection with one. presumably large,
competitor, which would induce a decrease in its market shan:. It could then tum its attention to
others in tum. This policy would be all the more attractive because customers would not want to
be stranded with a backbone that they feared could have interconnection problems in the future.
As a consequence, we may be understating the incentives of a combined WorldComIMCI to
implement a targeted degradation policy.

We have not examined formally either the consequences of the presence of a competitive fringe,
although we suspect that this would fUrther enhance the attractiveness of the degradation strategy
for WorIdCom-MCI. We base this statement on the following reasoning. Suppose that the market
share ofthe fringe is 20% ofthe installedbase. with networks 2 and 3 jointly accounting for 30010.
Assume that network 1 develops a new pt'Otocol or a new premium service for Internet telephony
and offers a free, non-tradable license for this protocol or advantageous prices for the premium
service to the fringc'O (or even pays the fringe for adopting the protocol or using-the premium
service). Customers who desire Internet telephony would certainly not tum to networks 2 and 3,
as these would cover 30% of the installed base and ultimately an even much smaller fraction of
the customers.

Networks 2 and 3 could try to counteract network's 1 move by offering even better terms to the
fringe for their own protocol (assuming they have developed one). but they would suffer from a
"public good problem", as they would have to co-ordinate their offers to the firms in the fringe.

I Increasing returns to scale imply that a crucial coalition size is requiTed in order for customers to
benefit :from backward integration.
9 This divide-and-conquer strategy was shown to the optimal for the upstream supplier by R.
Innes and R. J. Sexton. "Customer coalitions, monopoly price discrimination and generic entry
detenence" (EumRAD Economjs Review. 1993, vol. 37, 8, pp. 1569-1568).
10 It may be difficult for legal and public relations reasons to discriminate overtly against the large
competitive netwotks in the licensing of new technologies, and we do not expect the dominant
network to do so. On the other hand, it can easily "drag its feet" by stretching out negotiations. It
can also impose special W1warranted restrictions or technical requirements for large flows of
traffic. which it would be vr:ry difficult to prove they are not nccessatY for the good fimctioning
of the network.
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Even if they did co-ordinate, it would still be the case that network 1 would be willing to sink
more resources than networks 2 and 3 taken together to get the fringe on its side. since
"l7lonopolisation yields higher aggregate profits for the finns in the industry than head-ta-head
competition. t I Thus, we believe that the fringe would side with the dominant network, putting
networks 2 and 3 at a strong disadvantage in the market for Internet telephony.

Multihoming is not a protection against a dominant network

WorldComI.MCI have suggested. that multihoming by backbone's customers would deter the
combined company frOtD exercising the power of its dominant position. The idea appears to be
that by obtaining connections to two (or more) backbones, it would be possible for customers to
avoid traffic going through a degraded interface. For three reasons, however, such a bypass
strategy would not prevent WorldComIM:CI from benefiting from a degradation strategy or deter
its usc.

First, multihoming would be not be an attractive response to a WorldComIMCI degradation
strategy. Multihoming is teehnologically C(')St/y to users as substantial technical expertise is
needed to implement the required BGP4 routing protocol without creating independent quality
problems for the user. Multihoming also increases transaction costs, as customers would need to
negotiate multiple contracts and maintain multiple backbone relationships. Furthermore. it can
imply a loss of returns to scale in the size of connections to backbones.

Second, a dominant network. which has to be informed that its clients multihome, could impede
multihoming. either overtly, or more discretely by imposing a high charge on the use ofBGP4. by
offering volume discounts larger than those warranted by differences ofcosts, or by other means.
It could also simply refUse to deal with customers which attempted to multihome, either overtly
or more discretely by refusing to let its customers use BGP4, or by placing unwarranted
restrictions on its use, in order to make sure that quality degradation at the interface resulted in a
competitive advantage to it.

Third. even if the technological costs induced by multihoming did not exist and even if the
dominant network did not overeharge for multihoming, it is not clear that customers would prefer
to multihome when the interconnection between the dominant network and a smaller network: is
degraded. Indeed.. in Appendix I itA model of strategic Internet backbone intercormection", we
show that for large levels ofdegradation at least. customers strictly prefer Dot to multihome (more
generally. we would expect the equilibrium extent ofmultihoming to be quite limited). The logic
is simple: the equilibrium price (measured in Euros per unit of usage) paid by the c::ustomer to a
network is related to the benefit derived from connecting to the network. Secondhoming to a
poorly connected small network brings limited benefits. Secondhoming to the dominant network
is more desirable but is very expensive in view of the inflated price it charges (clearly, an

II This point is related to the familiar argument that competition eliminates monopoly rents and
thus drives incumbents to overbid entrants fOT a scarce resource (here the cormection to customers
ofthe competitive fringe) in order to preserve or reinforce their monopoly positions.
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individual customer cannot evade the monopoly mark-ups by the dominant network through
multihoming). In any case, secondhoming to WorldComIMCI, even if it OCCUlTed would not deter
WorldComIMCI from degrading interconnection, because it would necessarily be one of the
"homes". 12

For all these reasons, the WorldComIMCI argument that users are protected by multihoming
appears to be incorrect. In any case, even if multihoming were an answer at the level of the
individual users, it would create system-wide negative externalities, because its wide spread use
would increase the complexity of routing tables used by backbones, which would reduce the
quality of setVice to all users.

12 In this respect, note that the WorldComIMCI argument that its market share would be reduced
as a consequence of a degradation of the interconnection is not supported by any rigorous
economic analysis. Even if it occurred, multihoming would not TCSult in a bypass of
WorldComIMCI. the dominant netWork. If WorldComIMCI degraded interconnection with
Sprint. Sprint customers that were able to and decided to multihome in all likelihood would
choose to multihome to WorldComIMCI. This would be true not only because WorldComIMCI
would be by far the largest single network, offering direct access to the lugest number of
customers, but also bec;auso any other networks might ultimately face the same situation as
Sprint. ~ a consequence, the traffic on Sprint would decrease while the traffic on
WorldComIMCI would either stay stable or increase.

Assume for simplicity that all customers are similar, and consider the following set ofhypotheses,
which seem rather favourable to the WOTldComIMCI thesis:

a) the same proportion of customers of WorldCom/MCI and of Sprint will choose to multihome
(certainly an hypothesis much too favourable to the WoridComIMCI thesis. as the effects
discussed in the section "Keeping traffic on-net" imply that WoridCotnlMCI customers would
have less incentives to multihome, having a wider choice of services on-net);

b) Sprint customers who multihome. choose WorldComIMCI as their second network, for the
reasons discussed at the beginning ofthis paragraph;

c) WorldComIMCI customers who multihome allocate themselves among the competing
networks in pmportion to their market shares (one would think that in fact GTE or other
backbones would constitute a better altema.tive as a second home);

d) customers keep on using their original network as their preferred service (they use the second
home only to avoid the degTBded connection).

These hypotheses arc sufficient to show that a degraded interface between Sprint and
WorldComIMCI would substantially decrease the market share (measured as a proportion of
traffic) of Sprint, while keeping that ofWorldComIMCI constant.
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Appendix 1: A model of strategic Internet
backbone interconnection

~pril 21, 1998

1. Suuunary
,

In this Appendix, 'liVe prsent .. stylized mod.el that enables us to analyze the iz1­
centi'W:$ of a dominant badcho~e to d.e:;ruie the connectioJ1 with its competitors.
It is a mod.el h&Iled on tletwark elCtemaJ.ities: the benefit d.erived 'by a customer
!ram joiuing is. backbO!1~ is an inc:rt=a5in:; fuue:ticu of the size of the badcboJ:le a:nd
of a fraction of the size of other biackbones, Thi. fraction ta..~ values between 0
(absenc:c of or vcr poor interconnection) &%lei 1 (perfect CDDZlectivity). The qual­
ity of jJ1terc:otlllectio~is a stratePc: van.a.blP.. Bec:&U5e "it takes two to tanso", the
equilibrium quality of interConnection is governed by the preferences of the bra.c:k­
bnne which ViIL.1ues inter=nnl:Cticn the lca5t. Backbones have Rae}, an insta.llec:l
bese and othuwisc can2pete for uDattached c:ustomC!Z's.

Our a.izu is to 15h~ th..t it i5 likely tha.t a d.omitlant network will want to
dcegrade c:onDection W'ith its competitors. In order to ~C\V that this phenomenon
is quite gt:net'al, 'In! ha.ve chosen a. number of a&l5umptions thtLt sta.ck the d.eck
a.ga.inst the degr.dation strategy:

a) Tht:t model imposes Nl upper bound on the magnitude of'l1ctwark ext.e:r­
n&litie:s (tec.hf£ic;a.lly, we reqliil-c equilibria to be: "stable"). Larger network
P.ll:ternalitics -.wId gRoe rise to "ippin, effects" and rnaJce it men: libly
that the inc:lustty would be ZZ1CUlClp01Deci. We therefore adcpt a c::e~vc
lISsumption iu this rcspe:ct. !

I

h) The madel assumes that at 'g;vcZJ muket s,ha.r=; de::radatictl does lIct in-
c:eese the ClZl-net tnsftic: of tHe cicminaDt Detwark. k dise:uaeci in the main
text and. &n&1yzcci fenJ1aJly ~ the ap~dix I~Intcmet servil:'lllS, on-net sub­
stitution, -.:lei the value oE interecmleetian" I customers oC II. larger net-.nk
are more likely to bd on-n~t a decent, It.lthough imperfect, substitute far



a hlLJ:'d-t.c>c:cInnec:t-to saviee:= provider. Here, we assume this effect awa.y So

that discou%'8#d c:onnection;& CJ.re -.rasted, Z'lI.thc:r than redirected ou-net 'The
desradatioD strategy 1IIII)uld~ve been~ =ore appealing to the dominant.
net'wark had~ take.u this epfec:t into acc:cnmt.

c) The model is static:. As is~U known in. the economics of net'WCrk literature,
dynunic models cive rise to :"snCl'l¥balJmg" I that is an effect whc:rc CC1hSumcrs

ka:p an joining the: largest network because otber consumers h&Yc: previously
done: so, aDd ~~e: they~t future customers to do so. For insta:acc,,
we do not ;.alee into account ~he fact t.h..t, in the pracnc.:e of swite:hmg casts,
a consumer would hesitatP, to join a small netwark because of the concern
of being stz-a.nde:d with poot interconnections. Like 1&lIpotl&uu a) o.fltI b),
hWrJl},.eJlM ,; minimizes ULeiahility lor Lh1/! dD.,.,unGnt ,.ct'Ulorlt: to attracL TlI/!UI

ewtomeT6 thTC'Ugh 4egrudati,tm.

d) In our merger analysis, m5!=ti01l 4, we assume that the two smaller net­
-=ks (i.e., GTE and Sprin~ together are initially as large as the dominant
network (the merged Wcrlc!Com/MCI e:tity). & discussed in the t~t a
more realistic picture woul4 reallocate some of the two smaller networorlcs'
installed base to & competitive: fringe, which would. make it easier for the
dominant network to reinfc~e its dcminAZlce.

i
Despit~ these r:.onservati""C assilmptions. '«Ie reach the following conclusions:

• IT&Cf"ff4Si,~g tlO'fni1u:mt:e And .s~Tl1tegic degradtzJ.irm.

The ciominant ba.ckbane, thlit. is the one with the largest installed base, alSCI
a.cquires dominu~ in the unattaclu:d.-c.u5tmuers markc:~ UDIC'::5S connectivity
is perfect. The poorer the in~crconnccticnand the .st.ranger the network cx­
tc:r.n.ulity, the more dDJninantl is this backbone. Unsurprisingly, the dominant
ba.ckbcne is le:ars csc:er to int~ncct than its rival(s).

• M-ultilLOT7&in9' .

M1l1tihommc does not oC:Cl.I~ even in case or interconnection degradation
&!:I.e! even if the dominant b&ekbone cannot p~t. multihommg. C1euly
multihomiJolc is wasteful, both pri-.tdy and socially. if the quality of inter­
ccnne:etiOD is l:Ugh. When the~t: D..dcb=e Cp05l5 A 10'lIl' qu.lit.y of
intercoUDecticm, mu1tihomm~ is still not privately optuual: eecondh01'l1m,
to & small backbone does n.t bri~ much benefib t.o the custotQCr, while
sc:candhomin: to the dDmin.nt blLC"..kDoIlC is very ~ensiVCl sincfI tlle latter
_ploit.s its l11arket pOWC'.
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• TargeL~ tkgrTMltJtion.

Ccmsidcr & 1cpbaabane (WorldCom/MCI) faeing t'WO medium-sized back­
bones (GTE and Sprint). Heed-to-head competitian in the form of a sinlull:a­
neous deeradatim:a of inte'tCQDncction with the t..-o medium-sized baclcbC1:lcs
can be costly to the Jarp backbone. A~ prafitab1e strateltV' is to "ciivici.
a.nd-amquc" : decrad.e the iDt:ereoz:aneetiou with one of the medium.-sizc:d
backbones whlle limitin~the capacity of the intetCOZl.Dectio.n to the other in
order to avaid transit.

2. Introduction

The thrust of the !Dl1c:rM.ng exercise is to c:::cplore the study of strategic choices
of interconnection quality by Internet Bad::bcme providers (mps), taking into
II.Cccnmt size effect.. We USC Katz a:ad Shapiro's clu.sic 1985 model of "spoucr­
ship" in industries with netwark cxtemalitil!!S. sliptly extended to allow far the
castece of mstalIeei b..., to analyze the impact of diHerenees m the sizes of
msteJlecl bue ou the bac1cbones' ch.,icc .,f interconnection quality, the pouibility
of multihommg, anei the pla.usibility of SIIIClUe:otial degradation iu olir;opoly. The
model is DC course hidlly stylized, but it conl:&ins many of the key ingred.ie:nt~ of
the strate:ic considerations in t.he lntc:n2e:t industry.

3. The duopoly case

We £rst a.nalyze the situation witb only two bat:kboncs, which differ in the sia of
their installed b&R:S. We show th~t the: b&dc.bone with the ~pr installed ball'!
has as. strategic motivation fer dec:fadin:; the quality of intc:connection.

S.l. DeJI1and side

Con&ider a situa.tion with t'M:» backboncs, i -1,2, and & luge number of cus­
tome13. ThCSl'! customers can be thought of as ISPs. dial-up uses or dedic:e.ted
lLCCCSS c;UStornCl'll bu.ii5r:r=.tly, bo::&ulIC tne only feature of their demand un which
we -ill £ocu. i8 their ptC£uiilJlCII CDr CDmlec:tiYity. E.d1 backbollo i has an mst&1led.
base at c~LamCl'S fJ. ~ o. To fix ideu, we .-ame {JI ~ P2 &Dei -ill thll5 rcfi::r to
ba.c:1cb~e1 as t.he "bic;pr" backbcme &%lei to backbone 2 as tAe "amal1er" b&clcboZlc
(W\: -ill shuw 1&tcr em that the: biger backDa2'JC also attracts more Dew t.~tomC3

azul thus stays bieler'). We will u_ the not&t.ion /3 ~ fJl + 132 to indicate the lot.al
mstallcd. bur. and f:}. !!! 1J1 - lIz > 0 to ind.icate the ciiffcence between the size... of
the: installed Dues of t.he two b4u:kbone:r.
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There are alic new or una.ttached C\1.'itome:rs for whith the t-..o 1ul.ckbones
cnmpete. We adopt a. si:n1p1e "linear. demaJ'ld curve" spcc:ification: aD \U1attachcd
c:usta1nezs of type u e [0,1] obta.m.s 2\ gross surplus from subscribing to backbone
i equal to

where 6., the quality of service of backbone i, is given by

(3.1)

where IIi is the number of UlIatt~ed customers cralled by backbone i, it the
llumber of customers siped up ~ the rival backbone, B e lD,l] dcotc:s the
qt.Jality of mterec!Ulection (more an this shortly), a.nd 1) rdiects the u~portanceof
conZleetivity.

The assumptiCIn that the dema.hd. curw is linear is equivalent to the assumption
th..t the parameter " is unifcrntly distributed in the popula.tion of unattae.b.ed
custl:m:lc:s. We nonnaJize the tot.aJ. population of new customers to 1 ~, far
techDical reasons (namely, to ensure the ccistence of & stable equilibrium), we

assume
1

lJ < 2'
Higher values of 1) ~1d e:ra.te instability due to very strong tipping effects,

and therefcrt! CY!!D stronger concems about monopol~tioDt.ba.n ccpressed in this
-pa.per.

Rtr7Lcrc. Note tha.t, for simplicitYl 'l1li: a.ssume that there are only two types
of c:cmsumers: the first group (which fonus the two installed b.....) is completely
locked in previous contracts, while t.he second (zu:w or u~attlloChc::d customers) is
pP.tfectly flexible in its choier. bet~ the: two backbones. These two polar c:ase;

are of course a. c:aricature of rca1ity. We could consider a. mare p:eral model
ill which farme pa.trons differ W. their swr.itching costs, and new customers are
diifen:nf;iatcd in their relatiw preferenee fOT the two ba.ckbones. Thic; 'lIIOldd not
c:h~ the qualitative fP.atures of model.

Re.mtJrk. At this stap, '"' do Dot mae a fClfnlal distinc:t.ion bet'WICn diaJ-up
v.aera ILZld tueb .site hcsta. This sQpli5es the model and ca.ptuzes tlIe key J1otion
that both can: ..bout ClmDeetivity and ue hurt if interla.ce degada.tion (f) < 1)
pre~ts them hm eS:iezatly ac:b.a.nginc traffic with off-net CU$to~s. The
..bse::acc nf distinction bet1llaCn the t'v.'O cate&="ies of \1SCZ'S is be for thr. purpO$r::
of this Ula!y.W, ·but fails to captute the notion tha.t elial-up users ma.y 51.Ibstitute
a.nd CCAAect to an on-Det site -lien they '"'QuId. ha.ve prcfc:rrcd Go r:nnnec:tion with
an o.ff'-nct aite mthe praence rtf perfect connectivity, TOLking' into &CCOlmt t~
possibility c! sublstitution wou1c:l genera.te .. JnClte "uazciuistic c:&1ling pAttern",
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-hile the grcss surplus defined in (3.1) mq be reint~tcd.U A ·'balanced C&lling
pattcn:l", in which a e;tlstumer is as 1ilcc1y to connect with lIODlecme on-net a.s
with someone oft'-net (11 (1 - B) refieeting the loss of surplus stemmini.lZcm poor
connectivity}.

3.2. Supply side

Fnllowin,g K6.tz &Zld Shaph-o (1985). baclcbQDe5 campete ala COTZmot: they r::hoose
their internal capacities simultazleously aDd then charge prices to the conSUnlenl.
For simplicity, "W will identify b8.ckhone ,', ca.pa.cty with the number q. ~ 0 of
una.ttached customers it plans to attract (on top of its installed base, ....hich it
will aetVe: &Zlyway). Backbones charCC ~cmthly subscriber feES but. do ngt price
usage (this is ClQQsistent with thc ~odellingof the demand sidc, whcxe the surplus
only depends em the number of on-net and off-net c::omm1U1ica.ticn links, not oD
the intensity of thcir usap).

Because the two backbones are II priori viewed as perfect substitutes by the
U%Ul.tLa.c:hed customers, &J1Y price dif£erenc:e between them must rdlect &IS cquiv­
e.lemt difference if both ttZe to ha.~ positive m~ket shares (~ will ptavide c:ou­
ditions u~dc:r ""hic:h this is iuda:d. thr. case, but W': are ~ interested in the
pouibility ~f "carner sol'l1tions" in which cme nf the bac:kbcmes dClC:6 not ..ttrlU:t
2loI1Y new customer). .

Thus, if both bad.cboDcs CLttr&ttt new CU5tomers, the "quality-adjusted prices"
must :r:u:Ce&oF,;a.rUy be Lhe same:

Pi - 51 - p'J - "2 = p. (3.2)

The marginal customer, namely the cust.amer who is itldi:fferent betW\!en using
the Internet. (with either backbone, from (3.2)} and Dot using it, hu ,,'1a1a:ation
£J = p. HeJ1ce, the numbe-..r of new,- custc:ners served is equal to the number of
c:ustamcrs with & type: £J great.er than -po Hence, frenn the utlifot'm distributkJu
a...lUnption,

tIl + q2 - 1 - p. (3.3)
Together, equations (3.1). (3.2) and (3.3) d.etc:rmi~c: the final pria:s (Pl,P2) as

functions of the choice of c:apac:it~ (ql' q~):

PI. - 1 - (~. + (l';) + :fi
- 1 + 11 (Pi + BPj ) - (1-1) q. - (1 - Bv) q;. i = 1.2. (3.4)

Last, we will usume tha.t backbones incur a cast c: !rem cOZ1nc:ctmg each
edditic".eJ custcmt:.T. This ILQI\lDlption al., \ll1dcrsl:&t.c:s the incenti"S to dc:f,1ad.e
c:cmnflc:tiul1: it would be more natural to ::.wumc t.!lat a bettc:r c:ormcction is more
costly.
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3.3. Two interpretations of the intercollnec:tion quaJity parameter.

In this subfteetioD, which e&21 be omitled ,.,-ithnut loss of con~inuityJ '1IIe discuss tbe
parauuet~ e, which admit. two interpretations: compatibility of sta:Qd.arcls AZld.
interface c:aplLCity.

The first interpretation corre:spol1ds to a. coznpa.tibility decision. For example,
tlle standa.rds of the two backbones nJlLY be c:ompa.tible (8 .. 1) or not (9 = 0).
Compa.tibility levelsh~ may be uate:rmediate between 0 a:acl 1, as c.onnce~

tirm stande.rds may &1..law same 5ervic.-es but. not othcs. For instance, the ba.ck­
bon~ may be c.ompatible for 15b.na&l"d Internet 1aat;e, but: not fear thr. ne-, delay~

sensitive 5I!rVices suc;b u1J:ltcmet telephony, bec:ause D:Cll of the baclcbcmes tcfU5CS

to offer premium inte:rC01Ulcction se:viees to the ot.bcr.
The second mtl!lpteta.tion of the qU&Jity parameter erefers to the cQ.pacity of

the inter.face (or of the links ncar the intmaee). A 109l'C' capacity translates in~o

delays and l-=-cs pf pa.ckeb.
To illmtre.te this, c:oc.sider the following mod~l of "discouragement" , where the

grO$S utility of a I".onnecticm, 1.U, is rudomly distributed. .,c:crding to & distribuL.iou
F (.); the parameter 1J ca.u in thAt case be reinterpretcd as the a:pct:ted ~ClI!S

utility:

f.I = £ [~l - 1-'WdF (w) .

The utility is equal to the expected. grass utility minus the average d.elay at the
interface. Assuming that the intcrIaec has capacity JI. ~d falO&S & tralEc t, ~d
-positing .. M-M-l P1'o~ fer interface tnffic, tha aver. d.isutility of delay is
lei (jJ - t), where Ie is & ccmstant. Given the existence ora. dela.y, only those
connection, with~ tltilit.y 1.U ~ 'W. will actually be mAde, with

IeW·=-.
jJ - t

Thc nff-n~t traffic is therefore

TlLe M.verage ".J.ue far a customer ~f ba.ckbcue i with type " is, using (3.1),

(:i.5)

(3.6)

II + 1J (lJi + fl.) + ([e (w -undF (UI») (f3i + qi) , (3.7)

....here we it given by (3.5) amd (3.5).
If the interfao: capacity is infinite: (p. = +=), t.hen w" ::a 0 and (3.7) c:oincid•

...,ith (3.1) with e = 1 (peddcL intc:rcnnnec:tion), .,hc:rea.! if tJ'lC interlace c~pa.city

is eq\\-.J. to zcra (JL =0), fonen ,u~ - +00 end (3.7) coincides -ntb (3.1) with
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(J III: O. Mare generally, given (iI, '1,), the c:boic:e of interface ca.pac:ity ~ e [0, +ClCI)
determines & quality of intErconnection 8 E {O,l}, with a higher p. ,=:u:rating a
hiper 8.1

3.4. Equilibrium

Ignoring the constant~t associated. with the installed bL1e (but sa:: the: rc:ma:ck
below), each backbone chOOlleS it.l' capacity So as to maximize the profit generated
by hew customers. Thus b.~bo~ i sal_

mf~ (Pi - c) q_ = m:x [1 + v~J3( + BPi) - (1- v) qi - (1 - 'v) gj - c:J qi

M;
1 - c + V (Pi -+- FJr;J)

- I-v '

K -
1- 8v
1-v'

Solving this progam (the first-order condition is necessary and sufficient since
the profit is concave ill qi) yip..lds the fallmriJl: best response to the rival's capacity
Ii,.:

M·-Kq·
q, - ~ (9.1) = '2 J.

1WhCJl tDe intetr.ae. capacity is finite but pcas1ti,,"C, the ~C\uatity" of th. interconnection,

ill cadopnout, .uu:ew· cJcpends (ftCPti~ly) QD traIRc alld thlm OD the twa b.Ql:ton.' ca,..eitiu.
q, and qo,. Th_, bGtb buk....a _"Indd &A6&c Into __uat an adcliticl/a.t CCISl: of UJoNaJldjnS
iDtl:na&l e:apecity, wbidl c:ea.tnhut. t.a the ~tlon of tb. q1l8tity of tb. iGtet'f.... In a
.tattc .ttinc wch .. the OIl_ we couidel' he:z,:, ~Idll! thi:,~ In'" e=oVTIt WDuld not cd£c:1l
the thrust of our ....a,.., which __lInta to fDcui~, an tb. lltratep: choiea ~r tne illtCff&ee
c:apedty Po Thla eft'a:t ts-v.rr previel_ an ~d'tio..l way for 'the aominuat badc~nll ta .Ieer
til. quality of t.he h,ter.cz: it C&II deir-lc th~ qt.la1ity Got only by rcillcirl~ the iDter.ce
e-PAdty, :"'t also by inc_ift~ ita iota-Dal ClIp...;ty.
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Equilibrium eapaeities are therefore given by {sclvingthe !System hI == RJ, (fl:a) I fl2 ....
R2(ql)}):'1

or

~ = ! (2 (1 - c) + 'U (1 + B>{P. + ~i) + (1 - 9) tI (Pi - ,8;) ) .
q. - 2 2 (1 - 1J) + "(I - Btl) 2 (1-1J) - (1 - e1J). .

Note that. although %lew custemers a 1JnDri view the two ba.ckDon~ as perfect
~"Ubstitutes, the backbone with the bic-cr iJUte.lled base is &1so dominlU1t on the
new cwst.ar.ncrs market:'

ex=p~when the two net.W'Orlcs a:e per!J!ctly mte:rcaune::ted (0 - I), in which cue
the installed base M\:"Vltage c:cm-.n:ys nC) ad'Y8Jl.tage in the unatt.ached cOQliumer
merkct.

The qualit.y-adjusted price p is ill ~uilibriu.m pvc:n by

_. _. •• 2 (1 - c) + 11 (1 + B) (p, + ,8;)
'P - II - 1 - (ql + i2) '= 1 - 2 (1 _ u) + (1 _ 1Jv)

&.nd thus l!':(lu,ilibrium profits are, up to t.he const.ant profit £rom the installed. base:

The first tcnn in brac:Ja:t c:oaesponet. to U2e ~tand&rd term for symmetric net­
workll and maeues with 0: inereuing the qu&1ity of interconnection uu:reucs
tbco: quality of the service provicled by the: ttllt:l backbones. thereby ine:::reasing the

tiRe. 1 - iN
riqj. = 2(1-tl) <1

1... v<-
2-8

~ .1_,.••.time roc lUI" 0 in [g,l! -bell v < 11'2.
:I ('late tba~ -hen tI :> 1/ (3 - 21). the diR'ererlce iza m.r1c.L $Isars lu tb. heW c:ulri:"n,crs Market

_tually C:C:GCIU the differ!:nC8 ic inst&Ucz1 t- (i.e., qi - qj > tJ; - Pj)'
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